Experiments
Animals.-Adult male albino rabbits (New Zealand White strain) were used in all experiments. The animals weighed between 2-5 and 3 kg., and were fed on Diet 18 ("Blue Cross" Animal Foodstuffs, Associated London Flour Millers Ltd.) with free access to water.
All the experiments, with the exception of those concerned with the long-term effects of iodate administration, were conducted under urethane anaesthesia, the drug being given intravenously as a 25 per cent. (w/v) solution in 09 per cent. saline, 1-75 g. urethane per kg. body weight.
Iodate
(a) Long-term Experiments.
-After a control period of 3 or 4 days, during which the intra-ocular pressure in both eyes was measured with the Schiotz tonometer using a 5-5-g. weight, the rabbits were given from 3 to 5 ml. 2 per cent. (w/v) solution of sodium iodate intravenously. Intra-ocular pressure measurements were continued daily for a further 12 days, at the end of which time the animals were anaesthetized with urethane and the influx rates of water, sodium, and chloride in one eye estimated by the collection of aqueous under a constant pressure of 18 mm. Hg, using a needle inserted through the cornea into the anterior chamber after the outflow channels had been obstructed with silicone fluid MS/200/20 (Hopkin and Williams Ltd., London, England) (Cole, 1960a, b) . When the inflow measurements were completed the animal was killed and the Schi6tz tonometer calibrated with respect to each eye by applying known pressures from a reservoir through a needle inserted through the cornea. The stopcock between the eye and the reservoir was closed while the tonometer readings were obtained. A control series of rabbits was used in which 0'9 per cent. saline was injected intravenously instead of 2 per cent. sodium iodate. & Some of the iodate-treated animals were reserved for histological study; these were anaesthetized with Nembutal 14 days after the iodate had been given and the eyes were fixed intravitally with Zenker's solution.
(b) Acute Experiments.-Rabbits were anaesthetized with urethane and a cannula was inserted in the left lingual artery (Cole, 1959) through which saline or sodium iodate solution could be infused. The influx rates for water, sodium, and chloride were estimated in the left eye as in the long-term experiments. During the first 20 min. of the experiment, isotonic saline was infused into the lingual artery (control period) and this was followed by infusion of sodium iodate at 0 01 mM/ min. for a further 30 min. The animal was then killed.
In some cases the blood-aqueous potential difference (P.D.) was recorded, using one electrode in the ear vein and a second in the posterior chamber (Cole, 1961a) . The input impedance of the voltage measuring device was 1013 ohms. Spirolactone.-The substance used in these experiments was SC-8109, aldactone, one of the steroid-17-spirolactones described by Cella and . Preliminary trials showed that either polyethylene glycol 400 or propylene glycol would be a suitable medium for administering the substance which is not very soluble in water. Intravenous administration in polyethylene glycol at a rate of 20 mg./ kg. body weight was used in the earlier experiments, but in the later ones the drug REDUCTION IN AQUEOUS FORMATION was given via the left common carotid. The carotid artery was chosen so that a cannula of larger diameter might be employed in order to overcome the difficulties arising from the viscosity of polyethylene glycol or propylene glycol.
The device used for injection consisted of two polythene cannulae (A, B, Fig. 1 ) connected to a Perspex T-piece by short lengths of "Portex" tubing (Portland Plastics Ltd., Hythe, Kent). The tubes, A and B, and the T-piece, together with its side-arm, C, were filled before the experiment with a solution of heparin (20 I.U. per ml.), the side-arm being connected to a motor-driven hypodermic syringe containing polethylene glycol or propylene glycol by a further length of "Portex" tubing. A and B polythene cannulae for insertion into the artery. The side-arm, C, of the perspex T-piece conveys the solution to be infused and is connected to a motor-driven hypodermic syringe.
Arrows indicate direction of flow of blood and injected fluid.
After the animal had been anaesthetized with urethane in the normal way, the left common carotid was exposed and cleaned for about an inch and a half of its length, and two loose ligatures were placed round the artery at each end. Two more loose ligatures were placed round the artery, beyond the first pair and passing through the substance of the scalene muscles. After the length of artery had been isolated with bulldog clips at each end, the cannulae were inserted and tied in place, starting with the proximal one. The body of the proximal cannula was then anchored by means of the distal scalenus ligature and the distal cannula by the proximal scalenus ligature. This procedure ensured that both cannulae lay parallel to the line of the artery. The bulldog clips were removed and flow through the T-piece allowed to commence.
The carotid cannulae having been inserted the influx rates for the left eye were measured as described above after a control period of 20 min., and in some animals the blood-aqueous P.D. was recorded. Polyphloretin Phosphate (PPP).-This is a substance of high molecular weight (MW =15,000; Diczfalusy, Ferno, Fex, Hogberg, Linderot, and Rosenberg, 1953) which has been shown to diminish the permeability of damaged capillaries and of serous membranes (Fries, 1956 (Fries, ,1960 (Cole, 1960b) . Chloride in plasma and aqueous was determined, using a micro-modification of the method of Bertolacini and Barney (1958) . Results
The influx rates for each 5-min. interval were calculated from the outflow and solute concentration of the fluid collected from the anterior chamber (Cole, 1960b) . The results are shown in Fig. 2 , and in Figs 3 and 4 (overleaf).
Values for the mean influx rates before and after infusing the drug were also calculated (Table 1, 
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Values differing significantly from zero in the right hand column (differences) are indicated by asterisks; the range 0O05 > P > 0 01 is shown by *, and the range 0-01 >P by **.
mean from values lying between 10 and 30 min. after the start of the infusion (i.e. from + 10 to +30 min. in Figs 2 to 4) . In all cases means were derived from results on at least ten different animals. Table II shows the values for influx, aqueous concentration, bloodaqueous P.D., and changes in tonometer reading which were observed in the long-term iodate experiments. The course of the intra-ocular pressure changes is also shown in Fig. 5 (opposite). +2.50** + 0-26** + 010** _009* + 3-2** +2-3 ±2-4 ±0 35 ± 1-47** _0-13
The significance of changes is indicated by asterisks: the range 0 05 > P> 0-01 is shown by *, and the range 0-01 > P by **. Values differing significantly from zero in the right hand column (differences) are indicated by asterisks. Calibration showed that a change in Schiotz reading of + 3-0 divisions corresponded to a fall in intra-ocular pressure of about 5 5 mm. Hg.
The Schiotz calibration results showed that, in most cases, a change in tonometer reading of + 3 0 divisions corresponded to a fall in intra-ocular pressure of about 5 5 mm. Hg. The values for plasma and aqueous concentration and for the aqueous concentration ratios, rap, for the spirolactone experiments are shown in Table III . (Table III) .
Both spirolactone and iodate reduced the blood-aqueous P.D. (Figs 6  and 7 ), but PPP caused no significant change.
The long-term treatment with iodate resulted in severe damage to the pigment epithelium of the retina, although there was no unequivocal evidence that the pigment-cell layer of the ciliary body was affected to the same extent. The appearance of the retina was similar to that described by Kalt (1937) and somewhat resembled the findings of Ashton (1957) (Cole, 1960b (Cole, , 1961a , and there seems to be no evidence that PPP acts as an inhibitor of cell metabolism. Earlier experiments have shown that the movement of water and electrolytes from blood to aqueous humour, even in the presence of an inhibitor such as dinitrophenol, continues at a reduced rate possibly by ultrafiltration. This non-inhibited fraction of the influx constitutes some 30 per cent. of the total (Cole, 1960a, b) and the present finding of a decrease in the influx rate by some 30 per cent. in PPP-treated animals is consistent with the view that this substance acts by decreasing the permeability of the blood-aqueous barrier. In the absence of any change in the blood-aqueous P.D. which would result from inhibition of active ion transport, reduction of permeability offers an adequate explanation of the action of PPP.
The action of iodate appears to be rather more complicated; the series of acute experiments shows that it is rapid in onset (Figs 2 and 6) and decreases the inflow rate by some 70 per cent. or more within 30 min. In the longterm experiments, a single intravenous injection of iodate caused the intraocular pressure to fall to a minimum value within 4 days ( Fig. 5) and to remain subnormal for a further 8 days. The changes in blood-aqueous P.D. are similar to the changes in inflow rate. Histologically, the iodate intoxication affected the pigment epithelium ofthe retina rather than that of the ciliary body and, if one were to consider only the changes of potential, it might be supposed that the findings could be accounted for by a fall in the retinal standing potential caused by the action of iodate (cf. Noell, 1953 Noell, , 1954 . However, to explain the observed changes in intra-ocular pressure and aqueous formation in terms of retinal injury alone, it would be necessary to suppose either that the normal retina produces a considerable fraction (more than 50 per cent.) of the aqueous, which would need to pass through the vitreous in order to reach the anterior segment of the eye, or alternatively, that iodate by diminishing the resistance of the retina and hence of the blood-vitreous barrier, allows some of the aqueous formed in the posterior chamber to pass through the vitreous and the blood-vitreous barrier without entering the anterior chamber. Neither hypothesis seems at all probable, for both require a nett flow through the vitreous of some 0 65 ,uEq Na' and 4-5 ,ul. water per mi., these values being the mean changes in aqueous flow observed after the acute administration of iodate (Table I) , and this is not supported by Maurice's studies on vitreous dynamics (Maurice, 1957 (Maurice, , 1959 nor by the high resistance to bulk flow which would be offered by the hyaluronic acid in the vitreous body (cf. Ogston and Sherman, 1961) . Furthermore, the results reported by de Rosa and de Vincentiis (1953) indicate an accumulation of end-products of nitrogen metabolism in the vitreous after iodate administration, and this could hardly occur if there was a considerable bulk flow of water through the vitreous and the blood-vitreous barrier.
TIhe most likely explanation for the action of iodate seems to be that it reduces aqueous inflow by damaging the secretory system of the ciliary body, and this view is supported by the fact that chronic iodate intoxication reduces the bicarbonate and ascorbate concentrations of the aqueous to approximate equality with the plasma (Gemolotto, 1954; Ambrosio, 1956) as well as from the pathological changes of the ciliary body reported by Umadzume (1929) . In the long-term experiments it is possible that iodate caused some liver damage, as described by Kalt (1937) , but it cannot well be maintained that the ocular effects are secondary on account of the rapid onset of the electrical and inflow changes in the acute experiments. There is evidence for some degree of recovery from iodate administration so far as the bicarbonate concentration of the aqueous is concerned (Ambrosio, 1956) , and this may account for the difference between the inflow rates in the acutely and chronically-treated animals in the present experiments.
The spirolactone used in these experiments was " Aldactone " (G. D. Searle and Co., High Wycombe, Bucks.), the 19-nor analogue of 3-3-oxo-17/3-hydroxy-4-androsten-17a-yl)-propionic acid y-lactone, which acts as a peripheral antagonist of aldosterone (Kagawa, Sturtevant, and van Arman, 1959) , notably in decreasing renal tubular reabsorption of sodium (Liddle, 1958; Vander, Wilde, and Malvin, 1960) . In the present experiments the decreased influx of water and sodium is associated with a fall in bloodaqueous P.D., but in many cases this fall was preceded by a temporary increase (Fig. 7, opposite) . This suggests that the inhibition occurs in two stages, but the details of the process remain uncertain. One possibility is that the spirolactone acts first on the ciliary pigment epithelium decreasing the blood-intracellular P.D. and secondly on the unpigmented layer; it has been suggested previously that elimination or reduction of the negative potential from stroma to pigment cell could, on the basis of Berggren's findings (Berggren, 1960) , result in an overall increase in the blood-aqueous P.D. (Cole, 1961a ). The biphasic change would then result from the spirolactone's affecting first the pigment layer and later the unpigmented cells. Another explana- tion assumes the existence of a Na/K pump, extruding Na' from the epithelial cells into the aqueous in exchange for K' (Cole, 1961c) . Should the sites on the pump for uptake of K' be the first to be inactivated by the spirolactone whilst some Na' extrusion continues, then the P.D. will rise until the Nasites are also inactivated, when the blood-aqueous P.D. will fall towards zero. Not enough is known of the intracellular action of spirolactone to decide between these possibilities. The reduction in aqueous inflow caused by spirolactone (47.2 per cent. after 20 min.) is less than that due to iodate (67X9 per cent.) in the present experiments or to fluoracetamide (62.4 per cent. in earlier experiments: Cole, 1960b) . However, there is evidence that cellular systems for Na' transport continue to operate in the effective absence of adrenal cortical steroids, although at a diminished rate or against a diminished concentration gradient. Thus Vander, Wilde, and Malvin (1960) have shown that distal tubular Na' reabsorption against a concentration gradient continues in adrenalectomized dogs, or in dogs treated with spirolactone, although the process is less effective than in the presence of aldosterone. The action of iodate on the retina might be a further reason for the more severe reduction in aqueous formation which follows its administration as compared with that of spirolactone, for it has already been indicated that the retinal standing potential should contribute to the blood-aqueous P.D. and ipso facto should be related to the movement of ions between the plasma and the intra-ocular fluids (Cole, 1961b) .
In the renal tubule it appears that spirolactone decreases Na' reabsorption from the lumen in exchange for K' (Liddle, 1958; Kagawa and others, 1959) , but in the aqueous there was no evidence for any change of Ca or rap for either sodium or potassium, nor was the [Na]/[K] ratio in aqueous significantly altered (Table III) . This is probably due to the fact that the concentration gradient between plasma and aqueous is much smaller than that between tubular urine and blood. In addition, diffusion of potassium into and out of regions surrounding the aqueous (plasma, vitreous, lens) would render it difficult to detect small changes in the concentration of this ion. It is very unlikely that these results are due to changes in outflow, for the drainage channels were obstructed during the measurement of inflow, and, in any case, it is unlikely that spirolactone would enter the aqueous so rapidly that its concentration in the anterior chamber could explain the rapid changes in flow rate and blood-aqueous P.D. Neither is it likely that systemic effects of spirolactone would contribute to these results, as the experiments were terminated 30 min. after starting the infusion and, in any case, the plasma electrolyte concentrations were not significantly changed (Table III) .
If the process of Na' transport in the ciliary body is at all similar to that in the kidney, spirolactone must be assumed to act as an aldosterone antagonist and the present findings would thus imply that the normal rate of aqueous formation is dependent, at least in part, to the presence of endogenous aldosterone. This conclusion receives some support from Linner's findings in man (1959a, b) . Kinsey, Camacho, Cavanaugh, Constant, and McGinty (1955) have shown that aldosterone may improve the responsiveness of the intra-ocular pressure to Diamox, but Becker and Constant (1955) and Becker (1956) considered that the steroid acted upon the outflow system. More recently Linner (1959a, b) has shown that prednisolone increases intra-ocular pressure and inflow independently of the outflow, and the present results demonstrate that an aldosterone (i.e. a mineralocorticoid) antagonist diminishes the influx rate.
Summary
(1) In the present experiments, direct measurements of the influx rates of water and electrolytes from plasma to aqueous humour were made, and it was found that the rate of formation of the aqueous was reduced by the administration of polyphloretin phosphate, spirolactone, and iodate, in increasing order of effectiveness.
(2) Polyphloretin phosphate reduced the influx of the constituents studied by about 30 per cent. without altering the blood-aqueous potential difference; it probably acts by reducing the permeability of the barrier, rather than by inhibiting an active transport process.
(3) Spirolactone reduced the influx by about 47 per cent. and affected also the blood-aqueous P.D. The fact that formation is reduced by this peripheral aldosterone antagonist leads to the following implications:
(a) Sodium transport is involved in the normal process of aqueous formation; (b) The normal aqueous formation is partly dependent upon endogenous aldosterone.
